The effect of different degrees of lactic aci dosis on the recovery of brain mitochondrial function, measured as respiratory activity in isolated mitochondria or cortical concentrations of labile phosphates and car bohydrate substrates, was studied during 30 min of recir culation following 15 min of near-complete forebrain isch emia in rats. During ischemia, there was a marked de crease in mitochondrial State 3 respiration in vitro and a depletion of energy stores (i,e" phosphocreatine, ATP, glucose, and glycogen) in vivo that was similar in the high-and low-lactate ischemia groups, However, lactate concentrations differed markedly (20 and 10 /-Lmol g-I, respectively). During recirculation, there was a near complete recovery of both respiratory activity in vitro
It is now well established that hyperglycemia ad versely affects revival of cell function following transient brain ischemia, probably by enhancing lactic acidosis at the tissue level (see Myers, 1979; Kalimo et aI. , 198] ; Rehncrona et aI., ]98]; Siesjo, 1981; Pulsinelli et aI., 1982; Plum, 1983; Longstreth and Inui, ] 984). Some results hint that there is a critical concentration of lactic acid in the IS-to 2S /-Lmol g-1 range (Siesjo, 1981; Plum, ] 983; Siesjo and Wieloch, 1984) . However, the existence of such a threshold value has not been proven, nor is it known by what mechanisms the lactic acidosis ex erts its harmful effects.
Circumstantial evidence exists that failure of mi tochondrial function following long periods of isch emia may be due to excessive lactic acidosis. Thus, such recovery was noted following 30 min of com-and adenylate energy charge (EC) in vivo regardless of the differences in lactic acidosis during ischemia. Respi ratory activity and EC were well correlated, The changes in Ca2 + homeostasis during ischemia, an increase in tissue and a decrease in mitochondrial Ca2+ content, were reversed rapidly after ischemia in both high-and low lactate ischemia animals and did not hinder an early re covery of mitochondrial function. It is concluded that lactic acidosis. with lactate levels reaching 20 /-Lmol g-I during IS-min ischemia, does not adversely affect early postischemic recovery of mitochondrial function. Key Words: Brain ischemia-Ca2+ Homeostasis-Energy metabolism-Lactic acidosis-Mitochondrial func tion-Rat.
plete ischemia, but not after a comparable period of incomplete ischemia, the latter allowing ex{;es sive lactic acidosis to develop (Rehncrona et aI., 1979) . Our recent results provide further support for a relationship between the degree of acidosis and failure of postischemic mitochondrial respiratory activity (Hillered et aI., 1984b) . During recirculation following IS-min near-complete forebrain ischemia in fasted animals (tissue concentration of lactate �]S /-lmol g-'), the mitochondria regained their ATP-producing ability. However, after a 30-min in sult in fed animals (lactate concentration � 30 /-lmol g-' ), there was only a partial recovery.
These results raise the question of whether ex cessive lactic acidosis could adversely affect mito chondrial respiratory activity in the recovery period following ischemia of more moderate duration. The objective of the present investigation, therefore, was to assess recovery of mitochondrial function during the first 30 min of recovery, following IS min of ischemia induced in animals in which the tissue lactic acidosis was varied by manipulations of the preischemic plasma glucose concentration.
In the present experiments, as well as in previous studies (Hillered et a!., 1984a, b) Two findings prompted us to measure the Ca 2 + concentration of the tissue and of the mitochondria. First, Ca 2 + sequestration by the mitochondria oc curs as an alternative to oxidative phosphorylation, by mechanisms that involve ionic exchanges with Na + and H + (see A kerman and Nicholls, 1983) , and at least in vitro Ca 2 + uptake by brain mitochondria interferes with ATP synthesis (Roman et a!., 1981; Nowicki et aI., 1982; Hillered et aI., 1983) . Second, data on mitochondria from other tissues suggest that low pH inhibits and high pH enhances Ca 2 + sequestration by mitochondria (Borle, 1981) .
METHODS

Materials
Male Wi star rats (S.P.E, 300-370 g) from Mbllegaard's Avlslaboratorium (Copenhagen, Denmark) were used. The animals were starved overnight, but had free access to tap water. Actrapid was purchased from Novo Industri A/S (Bagsvaerd, Denmark) and Arfonad from E Hoff mann-La Roche & Co. AG (Basel, Switzerland). All other chemicals were commercial products of the highest avail able purity.
Ischemia model and experimental procedures
Near-complete forebrain ischemia was induced by oc clusion of both common carotid arteries and lowering of the systemic blood pressure to 50 mm Hg. The latter was achieved by infusion of trimethaphan (Arfonad) in com bination with bleeding. The model has been described in detail elsewhere (Smith et aI., 1984a ; see also Hillered et aI., 1984h) . The following procedures were used to vary the amount of lactic acid accumulated during the isch emia. All animals received insulin (Actrapid) 2 IV kg body weight-I i.p just before the experiment was started. Plasma glucose was maintained at a high (2 1-24 mM) or a low (4-5 mM) level during ischemia by means of infu sion of 25 or 10% glucose solution (total volume 2-3 ml during the 30-min steady-state period preceding the isch emia). This procedure caused lactic acid to accumulate at two different levels (-20 and 10 ILmol g -I, respec tively; see below). The two experimental conditions will be referred to below as high-lactate ischemia and low-lactate ischemia, respectively. In the immediate post ischemic period, 0.5 ml of a 0.6 M sodium bicarbonate solution was given intravenously to minimize systemic acidosis. An attempt was also made to normalize blood J Cereb Blood Flow Metabol, Vol. 5, No.2, 1985 sugar during recirculation by turning off the glucose in fusion in the high-lactate ischemia group and by giving the low-lactate ischemia animals 1 ml intraperitoneally plus a slow infusion of the 25% solution.
Two separate series of experiments were run at the two plasma glucose levels chosen. In the first (15 min of isch emia; 5 or 30 min of recirculation), the tissue was sampled for assessment of mitochondrial function in vitro. In the second (15 min of ischemia; 5, 15, or 30 min of recovery), the tissue was frozen in situ (Ponten et aI., 1973) for mea surement of labile tissue metabolites.
Isolation of mitochondria. After 15 min of ischemia, or 5 or 30 min of recirculation, the animals were decapitated. A small piece (50-100 mg) of the frontal lobes was rapidly frozen in liquid nitrogen for later measurement of tissue content of calcium and lactate (the latter only in experi ments without recirculation). The rest of the forebrain was rapidly put into the ice-cold isolation medium con sisting of mannitol, sucrose, and ethyleneglycol-bis-(J3-aminoethylether)N,Ni-tetraacetate (EG TA) pH 7.4. Fol lowing manual and chemical disintegration of the tissue, the mitochondria were isolated by a centrifugation pro cedure including a Ficoll gradient. The method, which is a modification of that of Clark and Nicklas (1970) , has been described in detail earlier (Hillered and Ernster, 1983) . Twenty microliters of the final mitochondrial pellet was taken for measurement of protein concentration, and another 20 ILl was collected for determination of calcium content.
Mitochondrial function. We measured respiratory ac tivity of the isolated mitochondria as oxygen consump tion (at 23°C) in a closed and magnetically stirred glass chamber (volume 0.54 ml), using a Clarke type of oxygen electrode (Eschweiler & Co., Kiel, ER.G.). The reaction medium consisted of 150 mM KCl, 10 mM K-phosphate buffer, and 1 mM EGTA, pH 7.4. State 4 respiration was measured with 10 ILl 0.5 M malate plus 0.5 M glutamate or with 10 ILl 1.0 M succinate (the latter in the presence of 2 ILl 1 mM rotenone) as substrate (final concentrations of substrates are given in the legend to Fig. I ). Crystalline L-glutamic, L-malic, and succinic acid were used. The substrates and EGTA were neutralized with KOH before use. State 3 respiration was initiated by the addition of 1.5-3 ILl 0.1 M ADP to the systems respiring in the pres ence of phosphate and substrate. Respiratory control ratio was calculated as the ratio of the State 3 to the State 4 rates of respiration. All respiratory rates were ex pressed as nmoles of oxygen consumed per minute per milligram of mitochondrial protein.
Analytical techniques
For measurements of labile tissue metabolites, a piece of the frontoparietal cerebral cortex (-50 mg) was dis sected out and extracted with HCI-methanol at -22°C. Concentrations of phosphocreatine (PCr), ATP, ADP, AMP, glucose, glycogen, lactate, and pyruvate were mea sured with the enzymatic, fluorometric techniques of Lowry and Passonneau (1972) as described by Folber grova et al. (1972) . The adenylate energy charge (EC) (Atkinson, 1968) was calculated as (ATP + 0.5 ADP)/ (ATP + ADP + AMP).
Calcium concentration in the isolated mitochondria was measured by atomic absorption using the Te flon cup technique described earlier (Hillered et aI., 1984b) . The pieces of the frontal lobes collected for calcium analysis (see above) were dried and treated with concentrated ni-tric acid at 140°C according to Yanagihara and McCall (1982) , and analyzed in an atomic absorption spectrom eter with the same technique as used with the mitochon drial samples. Values were recalculated to micromoles per gram wet tissue weight assuming a tissue water con tent of 78% (Siesj6 and Ponten, 1966) .
Protein concentration was measured in the mitochon drial suspensions with the method of Lowry and co workers (195 1).
Plasma glucose concentration was measured in arterial blood samples, following immediate centrifugation, with a Beckman Glucose Analyzer 2 (Beckman Instruments Inc., Fullerton, CA, U.S.A.).
Statistics
The statistical significance of differences between high and low-lactate ischemia groups in Ta ble I was tested with the unpaired Student's t test. Analysis of respiratory rates and respiratory control ratio (Figs. I and 2) and the Ca2+ data (Table 2 ) was performed with one-way analysis of variance using Duncan's multiple range test (Statistical Analysis System) for differences between experimental groups. In both cases, differences with a p value of <0.05 were considered to be statistically significant.
RESULTS
Physiological parameters
The preischemic values of the physiological pa rameters recorded in all experimental groups were Peo2 3S.4-39.3 mm Hg, POz 101 -112 mm Hg, pH 7.33-7.36, MABP 133-149 mm Hg, and body tem perature 36.9-37.SoC. Plasma glucose concentra tions were 20.8-23.S mM in hyperglycemic and 4.4-S.0 mM in hypoglycemic groups before induc tion of ischemia and remained at the same level throughout the ischemic period. During recircula tion, plasma glucose normalized in the low-lactate ischemia group, owing to the increased glucose ad ministration, while the high-lactate ischemia ani mals remained hyperglycemic although glucose in fu sion was stopped at the end of ischemia.
There was moderate hypocapnia during ischemia, presumably owing to decreased CO 2 production, that rapidly returned to normal during recirculation (see Kagstr6m et aI., 1983) . Apart from a mild met abolic acidosis at S min of recirculation in the high lactate ischemia group, no significant differences in physiological parameters between the high-and low-lactate ischemia groups were recorded.
Mitochondrial function
With malate plus glutamate as substrate, high and low-lactate ischemia of IS-min duration caused a similar, pronounced decrease in State 3 respira tion (Fig. 1 left) . The data from these two groups were therefore pooled. During recirculation, there was a slightly slower rate of recovery of State 3 respiration following high-lactate ischemia. Already at S min postischemia, the low-lactate ischemia mi- With succinate (in the presence of rotenone) as substrate, State 3 respiration was also markedly de pressed by high-and low-lactate ischemia (Fig. I  right) . During recirculation, the pattern was similar as with malate plus glutamate, with a slightly slower rate of recovery following high-lactate ischemia at S min but no significant difference at 30 min after ischemia. State 4 respiration, which decreased somewhat during ischemia, recovered to control level ' during recirculation. Figure 2 shows respiratory control ratios at the end of IS min of ischemia as well as after S or 30 min of recirculation, again demonstrating the slower rate of recovery following high-lactate isch emia. The respiratory control ratio with succinate as substrate was somewhat below control level at 30 min postischemia, while it did not differ from control with malate plus glutamate.
Cortical energy state
Changes in cortical energy metabolites during ischemia and recirculation are given in Ta ble I. In the present insulin-and glucose-infused animals, control tissue lactate contents exceeded 2 f-Lmol g-l, and PCr concentrations were close to 4.0 ,..., mol g-l. However, values for adenine nucleotides and lactate/pyruvate ratios were considered normal. As expected, ischemia of IS-min duration caused ex tensive breakdown of PCI' and ATP, with massive accumulation of AMP and a pronounced lowering of the EC, the values being similar in the high-lac tate ischemia and low-lactate ischemia groups. In both groups, tissue glucose and glycogen concen trations were reduced to very low values, as were the pyruvate concentrations. The only difference was the lactate concentration, which approached 20 ,..., mol g-l in the high-lactate ischemia group, the values in the low-lactate ischemia group being 10 ,..., mol g-l lower. Accordingly, the lactate/pyruvate ratio was higher in the high-lactate ischemia than in the low-lactate ischemia group. As will be mentioned below, the high-lactate isch emia animals develop excessive tissue acidosis that persists in the early recovery period (see Discus sion). It seems justified, therefore, to consider sep arately adenine nucleotides, carbohydrate sub strates, and variables influenced by pH (PCI' concentrations, lactate/pyruvate ratios).
After S min of recirculation, resynthesis of ATP was extensive. Unexpectedly, low-lactate ischemia animals had lower ATP concentrations and EC values than high-lactate ischemia animats. How ever, one animal in the group, with a tissue glucose concentration of only 0.27 ,..., mol g-l, had ATP and PCr concentrations as low as 1.21 and 1.71 ,..., mol g-l, respectively, and an EC value of 0.7S. If this animal is excluded, the differences between the J Cereb Blood Flow Me/abol, Vol. 5, No.2, 1985 groups are reduced. At any rate, the results dem onstrate that high-lactate ischemia does not ad versely affect recovery of mitochondrial energy production. This conclusion is corroborated by the results obtained in the IS-min recovery groups. After 30 min, the EC values of both groups were only moderately below control, although the ad enine nucleotide pools were still clearly reduced.
In both S-min recovery groups, tissue/plasma glu cose concentration ratios were low, probably re flecting slow replenishment of tissue stores. In the low-lactate ischemia group, the very low tissue glu cose value may also reflect a postischemic delay in the increase of plasma glucose concentration. At later times, the concentration ratios were increased, and differences in tissue glucose contents reflected corresponding differences in plasma concentra tions. After IS and 30 min, small amounts of gly cogen were synthesized, the values being similar in the high-and low-lactate ischemia groups. The major difference between the groups, therefore, was the lactate concentration, which was about twice as high in the high-lactate ischemia as in the low-lactate ischemia group. Notably, no decrease in lactate content occurred during the first S min of recovery.
In the low-lactate ischemia group, the PCr con centration had normalized already after S min, with a subsequent increase above control. This probably reflects a postischemic intracellular alkalosis (Mabe et aI., 1983) , being more pronounced in the low lactate ischemia group. In the high-lactate ischemia group, therefore, normalization did not occur until after IS-30 min. Corresponding differences were observed in the normalization of the lactate/pyru vate ratios.
Calcium content in cortical tissue and mitochondria
The concentrations of Ca 2 + measured in tissue samples from cerebral cortex and in isolated mito chondria (from the same animals as in Figs. 1 and 2) are listed in Ta ble 2. Control values from high and low-lactate ischemia animals were at the same level and were pooled. During IS min of ischemia, there was a minor increase in the tissue concentra tion and a decrease in mitochondrial Ca 2 + content. During recirculation, there were no statistically sig nificant differences from control level in either pa rameter and no differences between high-and low lactate ischemia groups.
DISCUSSION
As stated earlier, the objective of the present study was to evaluate the effect of different degrees Values are means ± SEM. All concentrations are in f,Lmol x g -I (wet weight). Number of animals is in parentheses. (4-6), owing to a technical error, four ADP, AMP, and EC values in these groups. In the ischemia groups, n = 5 for phosphocreatine (PCr), ATP, and glucose (GIu). Lactate/pyruvate ratios (La/pyr) were not evaluated statistically. Gly, glycogen.
a Statistically significant difference from corresponding high-lactate ischemia group.
of lactic acidosis on recovery of mitochondrial func tion measured as respiratory activity in isolated mi tochondria and as tissue content of energy metab olites.
The ischemia model used in this study consis tently produces dense forebrain ischemia (CBF <5% of control) of rapid onset, and restoration of an adequate perfusion pressure allows recirculation of previously ischemic tissue within 1 min (Kag strom et aI., 1983; Smith et aI., 1984a,b) . Since 9. 1 ± 0. 5 6. 4 ± 0.6" 9. 2 ± 0. 8 10. 3 ± 0. 9 10. 0 ± 0. 6 10. 1 ± 0. 6 Tissue (f,Lmol g-I)
1. 21 ± 0. 06 1.43 ± 0. 10" 1. 32 ± 0. 06 1. 21 ± 0. 03 1. 21 ± 0. 02 1. 22 ± 0. 03
Values are means ± SEM of six rats (control and ischemia groups, only four). Mitochondrial Ca2+ expressed as nmol g-l protein, tissue Cal + as f,Lmol g'-I wet weight. a Statistically significant difference from control. starved and fed animals showed similar reflow, we conclude that a deficient recirculation cannot have postponed resumption of mitochondrial function.
In the present study, all animals received insulin 2 I U kg -I, and blood glucose concentrations were altered by variations in the rate of glucose infusion. With the density of ischemia employed, energy failure is rapid and extensive (Smith et aI., 1984a) . As shown in Ta ble I, during ischemia, the high-and low-lactate ischemia groups differed only in the amount of lactic acid accumulated. In parallel ex periments (M-L Smith et aI., in preparation), we have estimated extra-and intracellular pH during ischemia and in the recirculation period. These re sults demonstrate that intracellular pH (pH) is con siderably lower in high-than in low-lactate ischemia animals, and that dense acidosis persists after 5 min of recovery. At this point, high-lactate ischemia an imals have pH; values of 6. 4-6.6 and low-lactate ones values of 6.7 -6.9. Since control pH; values are close to 7.0, it is obvious that intracellular acidosis persists after 5 min of recovery, pH values in the high-lactate ischemia groups being excessively low.
Mitochondrial respiratory activity
Several previous studies have shown that isch emia of 5-to 30-min duration reduces State 3 res-piration (and respiratory control ratio) to 20-70% of control [for references, see Hillered et al. (I 984h ) and Hillered (1985) ]. In confirmation, the present results demonstrated a pronounced decrease in State 3 respiration and respiratory control ratio with NAD-and FAD-linked substrates during ischemia.
During the first 30 min of recirculation, respira tory rates recovered to levels not significantly dif ferent from control (Fig. 1) . The rate of recovery was initially somewhat slower following high-lac tate ischemia (see also Fig. 2) , suggesting that the exaggerated acidosis induced functional alterations in the mitochondria that persisted when they were studied at a pH of 7.4. However, the results dem onstrate that 15 min of ischemia, with lactic acid concentrations close to 20 f.Lmol g -1, is compatible with full recovery of mitochondrial function. This conclusion is corroborated by our previous results (Hillered et aI., 1984h) , obtained in starved animals having a blood glucose concentration of close to 7 mM, corresponding to a plasma concentration of � 11 mM. In view of these results, it seems doubtful that 15 min of ischemia causes irreversible mito chondrial injury. However, since brain damage fol lowing short to intermediate periods of ischemia may be confined to neurons in certain selectively vulnerable regions, the present method is not sen sitive enough to reveal whether such damage is caused by mitochondrial failure at such circum script sites.
Cortical energy state
Information exists on rate of recovery of the ce rebral cortical energy state in the rat during the first 15 min of recirculation following ischemic periods of 3 and 7.5 min (Ljunggren et aI., 1974h) and during the first 15-180 min of recirculation following 15 min of ischemia (Mabe et aI., 1983) . Recently, re covery data were published for recirculation pe riods 5, 15, and 60 min following 15 min of ischemia (Blomqvist et aI., 1984) . The combined results dem onstrate that the rate of recovery varies inversely with the duration of ischemia. In general, the phos phorylation state of the adenine nucleotide pool re covers quickly, while lactate concentrations slowly normalize. After 15 min of comparable ischemia in fed rats, extensive restoration of the phosphoryla tion state of the adenine nucleotide pool was noted at 5 min of recovery, with almost complete nor malization after 60 min (Blomqvist et aI., 1984) . For comparable results in the gerbil and in the rabbit, see Kobayashi et al. (1977) and Schutz et al. (1973) , respectively.
One previous study examined the influence of the degree of lactic acidosis on cerebral metabolic Vol, 5, No, 2, 1985 changes during and following complete ischemia in the rat (L junggren et aI., 1974a) . In this study, the ischemia was of 5-min duration, and the only re covery time studied was 15 min. With this duration of ischemia, and at that recovery time, complete rephosphorylation of the adenine nucleotide pool was observed at low, intermediate, and high isch emic tissue lactate levels. The present results reveal a rate of recovery of cerebral cortical energy state comparable with that reported previously. More im portant, though, is the demonstration that the rate of recovery was not delayed in the high-lactate isch emia animals. Thus, after 5 and 15 min of recovery, ATP concentrations and EC values were at least as high in the high-as in the low-lactate ischemia group, and the ADP and AMP concentrations at least as low. Furthermore, one can assume that PCr concentrations were lower in the high-lactate isch emia group only because pH; was lower (see Ljung gren et aI., 1974a) , and that the higher lactate con centrations reflect the slow oxidation of the lactate accumulated during the ischemia.
Based on our earlier work (Hillered et aI., 1984a) , we expected that the more pronounced intracellular acidosis in the high-lactate ischemia group would slow down the rate of recovery of mitochondrial function in the early post ischemic period. As judged from our previous in vitro data and an estimated pH; of 6.5, we would predict that the respiratory capacity of mitochondria should decrease to �55% of control. Probably, though, mitochondria nor mally respire at rates that are clearly less than their maximal capacity, and if postischemic ATP utili zation is reduced, a pH-related inhibition of mitochondrial respiration may not be functionally important. It follows from this that an effect of aci dosis on mitochondrial function is detrimental only if (and when) oxygen supply is restricted (e.g., during incomplete ischemia).
In summary, the present results demonstrate that high-lactate ischemia is accompanied by a slightly retarded recovery of mitochondrial respiration, as assayed in vitro. However, this very moderate al teration of the mitochondrial respiratory capacity has likely little functional impact in vivo. The re sults further show that although high-lactate isch emia is accompanied by gross acidosis, resumption of mitochondrial function in vivo is not affected, probably because the functional capacity exceeds by far the actual rate of postischemic ATP utiliza tion.
The question remains: Can excessive acidosis contribute to irreversible mitochondrial damage? Previous results hint that this is so (Rehncrona et aI., 1979; Hillered et aI., 1984h) . Since these results were obtained with 30 min of ischemia, it seems likely that in an ischemic and thereby acidotic tissue, any mitochondrial damage induced is related to both the degree of acidosis and the duration of the ischemia. Possibly 15 min is too short a period of ischemia to cause irreversible damage to brain mitochondria. If so, and since high-lactate ischemia aggravates brain damage (see above), it follows that acidosis exerts its harmful effects at other subcel lular loci than the mitochondrion.
Calcium homeostasis
The control level of tissue Ca 2 + in Ta ble 2 is in the same range as reported by previous authors (see Katzman and Pappius, 1973) and recently by Yan agihara and McCall (1982) using the same method as in the present experiments. These authors ob served increased levels of tissue Ca 2 + during recir culation after 30-180 min of ischemia in the gerbil. Similarly, Hossmann et al. (1983) found increased Ca 2 + concentrations after 60 min of complete isch emia in the cat brain.
As the present results demonstrate, IS min of ischemia was accompanied by a small increase in tissue Ca 2 + content. This probably reflects influx of Ca 2 + from extra-to intracellular fluid (see Harris and Symon, 1984) and Ca 2 + flux from blood to ex tracellular fluid supported by the remaining circu lation. However, this increase was no longer present at 5 min of recirculation, indicating rapid brain-to-blood translocation of the excess Ca 2 + ac cumulated, nor were there signs of a secondary ac cumulation during recirculation. Evidently, calcium homeostasis is rapidly restored following ischemia of shorter duration than in the previous studies.
Furthermore, the present data suggest that Ca 2 + , accumulated intracellularly during ischemia, does not interfere with the early postischemic recovery of mitochondrial function. This is in agreement with Hossmann et al. (1983) and with a previous report fr om our laboratory. In that study (Hillered et aI., 1984b) , the mitochondrial Ca 2 + content was re duced after 30 min but not after IS min of ischemia. In the present study, the mitochondrial Ca 2 + con tent was reduced already after IS min of ischemia. The decrease was probably due to an activation of the N a + ICa 2 + antiporter (Crompton et aI., 1978) secondary to Na + influx into the cells.
In the previous study, the mitochondrial Ca 2 + content increased by �50% after 5 and 30 min of recirculation (Hillered et aI., 1984b) . In the present investigation, no such increase was noted. The techniques used for isolation of mitochondria and for measurements of Ca 2 + content were the same. Some other procedures were different. since the present animals were injected with insulin and in fused with glucose. They were also given sodium bicarbonate to ameliorate plasma acidosis. As dis cussed previously (Hillered et aI., 1984b) , data on Ca 2 + content of isolated mitochondria should be interpreted with caution since Ca 2 + may be lost during the isolation procedure. Assuming that this is a quantitative rather than a qualitative problem, we arrive at the following conclusion. Fifteen min utes of ischemia in the present model is compatible with short-but not long-term recovery of cell via bility, and the final brain damage, as judged by his topathology, is extensive (Smith et aI., 1984b) . It is clear, therefore, that dense ischemic damage can be incurred in the absence of overt Ca 2 + accumulation in tissue or mitochondria.
